Study of advanced bladder technology, OF2 diborane  Final report, 2 Sep. 1969 - 1 Jul. 1970 by Neff, J. A. et al.
TRW DOCUMENT NO. 14231 -601 1 -RO-00 
FINAL REPORT 
STUDY OF ADVANCED BLADDER TECHNOLOGY, 0F2/DIBORANE 
by 
J.  W .  MARTIN, J .  F. JONES M D  J. A. NEFF 
Prepared For: 
MTIONAL AERONAUTICS AND SPACE ADMINISTRATION 
CONTRACT MS7-770 
1 JULY 1970 
Techni ca l  hnagerrtent 
J e t  Propulsion Laboratory 
Pasadena, Gal i f o m i  a 
John D. Inaham 
OWE aPACE PARK REOONDO BEACH, CALIFOWIA 
https://ntrs.nasa.gov/search.jsp?R=19710005511 2020-03-12T00:00:23+00:00Z
FINAL REPORT 
STUDY OF ADVANCED BLADDER TECHNOLOGY, 0F2/DIBORANE 
by 
J. W .  MARTIN, J. F. JONES AND J. A. NEFF 
Prepared For:  
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
CONTRACT NAS7-770 
1 JULY 1970 
Approved by : 
J. L .  B l  umenthal , Manaser 
Chemical ~ e c h n o l o ~ ~  ~ e a a r t m e n t  
ONE SPACE PARK REOONOO BEACH. CALIFORNIA 
TABLE OF CONTENTS 
. . . . . . . . . . . . . . . . . . . .  FOREWORD i 
. . . . . . . . . . . . . . . . . . . .  ABSTRACT i i  
1 . INTRODUCTION AND SUMMARY . . . . . . . . . . . . .  1 
2 . TECHNICAL ACCOMPLISHMENTS . . . . . . . . . . . . .  5 
2.1 TASK I . PREPARATION OF OPTIMIZED ELASTOMER 
. . . . .  COMPOUNDS FOR OF2 AND B2H6 SERVICE 5 
2.1.1 Polybutadiene Compounds For OF2 Serv ice . . . .  5 
2.1.2 N i  t r i l e  Compounds For B2H6 Serv ice . . . 7 
. . . . .  2.1.4 Se lec t ion  o f  Candidates For Task I 1  13 
2.2 TASK I 1  . STATIC AND DYNAMIC COMPATIBILITY TESTS 
. . . . . . . .  OF OPTIMIZED COMPOUNDS 15 
2.2.1 S t a t i c  Compat ib i3 i ty  Tests . . .  15 
. . . . . . . . .  2.2.2 Dynamic Compat ib i l i t y  Tests 16 
2.2.3 Diaphragm Expulsion Tests . . . . . .  19 
2.3 TASK I 1 1  - LONG-TERM COMPATIBILITY AND PERMEABILITY 
. . . . . . . . . . .  BY OF2 AND B2H6 23 
2.3.1 Long-Term Compat ib i l i t y  o f  Compound 202-1 With OF2 . 24 
2.3.2 Long-Term Compat ib i l i t y  o f  Compound 215-3 With B2H6 24 
. . . . .  2.3.3 Permeabi 1 i ty o f  Compound 202-1 By OF2 26 
. . . . .  2.3.4 Permeabi l i ty  o f  Compound 215-3 By B2H6 30 
2.3.5 F ina l  Se lec t ion  o f  Candidate Compounds . 30 
. . . . . . . . . .  2.4 RECOMMENDATIONS FOR FUTURE WORK 30 
. . . . . . . . . . . . . . . . .  3 . CONCLUSIONS 31 
4 . NEW TECHNOLOGY . . . . . . . . . . . . . . .  33
. . . . . . . . . . . . . . . . . .  5 . REFERENCES 34
. . . . . . . . . . . . . . . . . .  APPENDICES 35 
A . FACTORS INFLUENCING THE MECHANICAL PROPERTIES OF 
. . . . . . . . . . .  VULCANIZED NITRILE COMPOUNDS 35 
B . RESULTS OF TENSILE TESTING A POLYBUTADIENE COMPOUND 
IMMERSED I N  OFp . . . . . . . . . . . . . . .  37 
C . A DETONATION OF OF2 I N  THE PRESENCE OF POLYBUTADIENE . 39 
D . EFFECT OF STATE-OF-CURE ON POLYBUTADIENE/OF2 COMPATIBILITY . 40 
. . . . .  . E ENGINEERING REQUIREMENTS FOR BLADDER MATERIALS 42 
SUMMARY OF CONTRACT: .NAS7.770. STUDY OF ADVANCED BLADDER TECHNOLOGY 
LIST OF TABLES 
Tab1 e 1 . Formui a t ions  and Propert ies o f  OF2 Candi date 
El as tomer Compounds . . . . . . . . . . . . . 6 
Table 2. Candidate Polybutadiene Compounds For OF2 Service . . . 8 
Table 3. ACN/BD Polymers Chosen For B2H6 Compatibility Testing . . 10 
Tab1 e 4. Formul a t i  ons and Propert ies of Selected Candi date 
ACN/BD Polymers . . . . . . . . . . . . .  10 
Table 5. Mechanical Propert ies of N i t r i l e  Compounds Exposed 
To B2H6 . . . . . . . . . . . . . . . , . 11 
Table 6 .  Test Compounds Based on Low Acryl oni t r i  l e  Copolymer 
For B2H6 Service . . . . . . . . . . . . . . 12 
Table 7. Prime Candidate Compounds For OF2 and B2H6 Expulsion 
Bladders . . . . . . . . . . . . . . . . . 14 
Table 8. Compatibility of Compound 202-1 W i t h  OF2 . . . . . . 25 
Table 9. Compatibility of Compound 215-3 With B2H6 . . . . . . 27 
Table 10. Permeabi 1 i t y  Coefficients  For The Prime Candidate 
Elastomer Compounds As A Function of Test Temperature . . 29 
Table 11. Projected Rates of Bladder Function Degradation , . . . 32 
Table D-1 Swell ing of Polybutadiene/A1203 Compounds i n  Benzene . . 41 
L I S T  OF FIGURES 
F igure  1. Tes t  Apparatus B u i l t  t o  Break E l  astorner Samples 
Whi le They Are Immersed i n  P r o p e l l a n t  
F igure  2. Surfaces o f  Rubber Specimens P r i o r  To and A f t e r  
Being S t r a i n e d  To Break ing  I n  OF2 a t  -78.5"C 
F igure  3. Surfacr s o f  Rubber Specimens P r i o r  To and A f t e r  
Being  trained To Break ing  I n  B2H6 A t  Ambient 
Tempe r a t  u re  
F igure  4. Diagram of Smal l -Size Expu ls ion  Tes t  Apparatus and 
I s o m e t r i c  View o f  Specimen Holder  
F igure  5. Specimen o f  Compound 202-1 Used To Expulse OF2 
F o r t y  Times A t  -78.5"C 
F igu re  6. Specimen o f  Compound 215-3 Used To Expulse B2H6 
Twenty Times A t  -45°C 
F igure  7. Diagram o f  Propel  1 a n t  Permeabi 1 i ty Apparatus 
F igure  6-1 Apparatus Used t o  Rupture Rubber Sample 60-3 
Leading t o  an Exp los ion  
F i g u r e  E-1 Oxygen D i f l  u o r i d e  Vapor Pressure Temperature 
F igu re  E-2 Diborane Vapor Pressure ys- Temperature 
FOREWORD 
Th is  document constitutes t he  f i n a l  report for  t h e  work accomplished 
between 2 September 7969 and 1 J u l y  1970 by TRW Systems Group f o r  t he  
Nat ional  Aeronautics and Space Admin is t ra t ion ,  J e t  Propuls ion Laboratory, 
under Contract  NAS7-770, "Study o f  Advanced Bladder Technol ogy , OF2/ 
D i  borane". 
The work was under the  techn ica l  d i r e c t i o n  o f  M r .  John Ingham of the  
J e t  ~ r o p u l  s ion  Laboratory, Pasadena, Cal i f o r n i  a and the  NASA Headquarters 
P r o j e c t  Manager was Frank E. Compitel lo.  
The Chemical Technology and Chemical Research and Services Departments 
o f  t he  Chemistry and Chemical Engineering Laboratory, Science and Technol ogy 
D i v i s i o n  were respons ib le  f o r  t he  work performed on t h i s  program. M r .  B. 
Dubrow, Manager, Chemistry and Chemical Engineering Laboratory, prov ided 
o v e r a l l  program superv is ion.  Dr. E. A. Burns, Manager, Chemical Research 
and Services Department and D r .  J .  L. Blumenthal, Manager, Chemical Tech- 
nology Department prov ided techn ica l  coord ina t ion .  M r .  J .  F. Jones was 
Program Manager and M r .  J.  W. M a r t i n  was P r i n c i p a l  I nves t i ga to r .  Dr. J .  A. 
N e f f  performed a1 1 o f  the  propel  l a n t  compati b i  1 i ty  and permeabi 1 i ty eva lua t ions  . 
Acknowledgment i s  made o f  t he  techn ica l  ass is tance provided du r ing  t h i s  pro-  
gram by t h e  f o l l o w i n g  TRW Systems Group personnel: 
Members o f  t he  Technical S t a f f  
M r .  A. Grunt Chemical Research and Services Department 
M r .  J. L. B e l l  Chemical Techno1 ogy Department 
M r .  G. I. Fukumoto Ma te r ia l s  Engineering Laboratory 
M r .  W. B. Turner Chemical Research and Serv i  ces Department 
P h i s  f inal  report describes the work perfomed by PRW Systems Group 
under Contract NAS7-770 to  develop and characterize elastomeric materials 
suitable fo r  use as positive expulsion bladders fo r  the space storable 
propellants oxygen d i f l  uoride (OF2) and di borane (B2H6) The work was 
based upon findings of a previous Contract (NAS7-702) in which short-term, 
s t a t i c  t e s t s  had identified & 1 $4-polybutadiene as compatible with OF2 
and acryloni t r i  le/butadiene copolymer (ni t r i  l e )  as compatible with BZH6. 
The present work further investigated the previous findings irj longer term 
t e s t s ,  under dynamic conditions and a t  different  temperatures. 
A brief formulation study was conducted to  optimize the mechanical 
properties ( tens i le  strength and el  ongation a t  break) of compounds made 
from the polybutadiene and ni t r i  l e  base polymers. Candidate compounds with 
the best mechanical properties were tested dynamically in the presence of 
propellant. In one procedure, specimens of the elastomers were strained in 
tension to  fa i lure  while immersed in the respective propellants. 
In a second dynamic t e s t ,  a small-size diaphragm apparatus was b u i l t  
t o  "expel " the respective propel 1 ants.  A t  -78.!j°C, the prime candidate 
polybutadiene material (Compound 202-1 ) expel led OF2 forty times a t  whi ch 
point the t e s t  was stopped arb i t ra r i ly .  A t  -450C9 the prime ni t r i  l e  
materi a1 (Compound 21 5-3) expel led B2Hs successfully 20 times pr ior  to  
development of a leak, which was l a t e r  analyzed to  be induced by low temper- 
a ture  s t r e s s  rather than by chemical attack. 
Long-term compatibility t e s t s  showed tha t  the relaxed and stressed 
polybutadiene (Compound 202-1 ) did not undergo significant degradation in 
OF2 a t  -78.S0C. Similar t e s t s  with the n i t r i l e  (Compound 215-3) in B2H6 
a t  -20°C showed that  the propellant was reacting slowly with the base polymer. 
Long-term permeabi 1 i ty measurements showed the expected decreased 
permeabi l i ty w i t h  1 owered temperature for  both candidates, The polyhutadiene 
(Compound 202-1) had a very low permeability coefficient a t  -78.5"C and had 
an unmeasurably low coefficient a t  -95"C, a temperature a d  which the  compound 
i s  semi-elastsmeri c (h igh ly  esmpl i a n t )  , The n i  tri  l e  (Compound 29 5-3) had 
h igher ,  b u t  menageabl e B p H s  permeabi 1 i t y  c o e i f  i c i e n t s  a t  the three temperatures 
tested. The lowest use temperatures identified fo r  both materials appear to  
be within the sys%em design requirements s f  no greater propellant vapor pres- 
sure than 300 psia. 
i i 
4 .  INTRODUCTION AND SUMMRY 
E l  as tomeri c bladders and d i  aphragrris make e f f i  eient rase of t a n k  vsl u w  
and ef f ic ien t ly  supply a high percentage s f  the propellant t o  the  engine, 
However, elastomers general l y  are more permable to  propel l ants and pressurant 
gasses than a1 ternat i  ve materi a1 s , and el as tomers by thei r chemical nature 
frequently interact  with the hi gher energy propel 1 ants ,  such as oxygen 
di f lo r i  de ( O F 2 )  and di borane (B2H6). 
During Contract NAS7-446 (Reference 1 ) TRW Systems Group studied and 
sought to  develop new elastomeric bladder materials for  servi ce with dini trogen 
tetroxi de (N204) and hydrazine ( N 2 H 4 )  propel 1 ants. During that  Contract, 
considerable emphasis was placed on understanding the nature of propel 1 ant/ 
bladder permeabi 1 i ty and compati bi 1 i ty , and on improving these properties 
through novel chemical approaches. 
A following program, Contract NAs7-702(~eference 2 ) ,  was based on the 
previous work b u t  shif ted attention to  investigation of commercially 
available elastomers usable with the mild cryogenic, space storable propellants 
OF2 and B2H6. As these propellants are to  be stored a t  low temperatures, 
an additional requi rement of flexi bi 1 i ty a t  1 ow temperature was introduced. 
During NAS7-702, compounds based upon cis 1 $4-polybutadiene were identified 
as being potentially useful for  service with OF2.  Compounds based upon 
acrylonitrile/butadiene copolymers ( n i t r i l e s )  were identified as being 
potenti a1 ly useful with B2Hg Compati bi 1 i ty  measurements, permeabi 1 i ty  
measurements and the determination of low temperature stiffening points for  
the candi date compounds i ndi cated that  these materi a1 s were a t t rac t ive  
candidates, b u t  that  additional optimization was required. 
The present program, funded under Contract NAS7-770, was performed to  
optimize the mechani cal properties of the candidate el  astomers through 
formulation and curing studies,  t o  assess the compatibility of the optimized 
compounds through dynamic testing in OF2 and B2Hs a t  the storage temperatures, 
and to determine the long-term s t a t i c  compatibility and permeability of the 
optimized compounds a t  various temperatures. A t  the outset of this  project,  
avai l able information for  storage temperatures indicated that  the vapor pres- 
sure o f  t h e  propellants should not  exceed 386 ps ia  (Appendix E ) ,  which re la tes  
t o  a temperature maximum of -12'C for e2H6 and -87.5"C for  OFr Since -97.s0C 
i s  a d i f f i c u l t  temperature to  maintain i n  the laboratory, -78,5'C (dry ice)  
was adopted fo r  OF2 testing for  the majority of th i s  program. 
"Phe prev-f'sus stt $1 h ~ d  utilized only one ni"trie base p~lymer  whfeh 
appeared to be compatible with the B p H 6 .  However, a homopolymer o f  butadiene 
included in the same tests was degraded by the propellant, ( A  h~m~polymer 
of butadiene is analogous to a nitrile polymer with 0% acrylonitrile.) 
From these results it was concluded that the acrylonitrile units stabilized 
the polymer against the effects of B2Hc Thus, in the present work, a 
trade-off was sought between low temperature el asti ci ty (1 ow acryloni tri le) 
and compatibility with the propellant (high acrylonitrile). 
As the previous program had been primarily a survey of commercially 
available materials, 1 i ttle effort was expended in developing optimum mechan- 
ical properties (tensile strength and elongation at break). Additional 
work was indicated to optimize these properties as they are imperative to 
proper expulsion bladder performance. 
The use of CIS-4-1203 Polybutadiene (Phillips Petroleum Co., 98% - cis 
1,4-structure) was suggested by the prior compati bi 1 i ty test resul ts. 
Silicon dioxide (Cabot Corporation Cab-0-Sil M-5, fumed Si02) and a peroxide 
curative were used (as in the previous work). This composition (Compound 60-1) 
while immersed in propellant was strained to failure, initiated a fire, and 
apparently was consumed. A modification of Compound 60-1, which utilized 
the same base polymer but was reinforced with A1203 (ALON, Cabot Corp.) was 
recovered essential ly quantitatively from the tensi le test conducted in 
propellant. This material, Compound 202-1, eventually was determined to be 
the prime candidate elastomer compound developed under this program for 
OF2 service. 
In the preceding contract, a carboxylated ni tri le (Hycar 1072), was 
identified as compatible with B2H6 in the static tests at low temperature. 
However, this particular polymer became stiff and non-elastomeric at temper- 
atures considerably above the desired B2H6 storage temperature, caused by 
the high acrylonitrile content and carboxy groups. In the present work, 
four nitrile copolymers were obtained ranging between 20 and 45 mole-percent 
acrylonitrile. A similar compound was made using each of these four 
materials and each was subjected t o  tensile tests between -30" and -60°C. 
Shor t ,  s t a t i c  compat~bility tests i n  D2H6. monitored by change i n  w e i g h t  
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The permeability of Compound 215-3 by R2N6 W" measured a t  three 
temperatures, After the induction periods, essential  ly  1 inear da ta  were 
obtained in a7 1 three cases, Calculation of the permeabi 1 i-ty coefficients 
over the 1 inear periods gave values considerably higher than those observed 
for  Compound 202-1 with OF2, b u t  they did decrease with lower temperatures, 
as expected. An Arrhenius plot of the coefficients provided a nearly 
s t ra ight  l ine.  The -40°C t e s t  temperature re la tes  to  a B2H6 vapor pressure 
of only 135 psia which i s  well within the system l imit  a s  discussed in 
Appendix E. 
Each prime candidate compound was tested with the respective propellant 
in a small s ize  expulsion bladder t e s t  apparatus. For OF?, Compound 202-1 
was used as  an expulsion diaphragm actuated by nitrogen.* A t  -78.5"C the 
elastomer successfully expel led the propellant for ty times without f a i lu re .  
For BpH6, Compound 215-3 was used as the expulsion diaphragm also actuated 
by nitrogen. A t  -45'C the diaphragm expulsed BpH6 twenty times. On the 
21st cycle, a leak developed and the t e s t  was stopped. Investigation of the 
cause fo r  leakage showed that  the specimen was cracked radial ly  in a manner 
strongly suggesting low temperature stress-induced fa i lure  rather than chemical 
fa i lure .  In the case of Compound 215-3, -45OC i s  about the glass t rans i t ion  
temperature of the base polymer. I t  appeared as though the sample was 
forced to  s t retch by the nitrogen ullage gas beyond the e l a s t i c  l imit  of the 
material. Both expulsion diaphragms were retrieved from the t e s t  c e l l s  
apparently free from chemical attack. 
The resul ts  of th i s  work established that  further study i s  warranted 
to  determine the lower use temperature l imit  fo r  Compound 202-1, and t o  
develop further a n i t r i l e  compound for  bet ter  low temperature properties and 
lower propellant permeability. 
"Maximum calculated elongation for  the diaphragms i n  their  fu l ly  extended 
positSon was 200%, 
4 
T h i s  sec t i on  repo r t s  the techn ica l  progress made under the present  
programS i t s  r e l i t i o n s h ' i p  do l abo ra to ry  f i nd ings  o f  the previous program, 
and t o  b l  adder requirements. 
2.1 TASK I - PREPARATION OF OPTIMIZED ELASTOMER COMPOUNDS FOR OF2 and B2H6 
SERVTCE 
2.1.1 Polybutadiene Compounds f o r  OF, Serv ice 
L 
Laboratory i n v e s t i g a t i o n s  c a r r i e d  ou t  du r ing  con t rac t  NAS7-702 def ined 
peroxide-cured - c i s  1,4-polybutadiene re in fo rced  w i t h  s i l i c a  as the prime 
candtdate ma te r ia l  f o r  f u r t h e r  i n v e s t i g a t j o n s  w i t h  OF2. A b r i e f  compoundtng 
study i n i t i a t e d  the present  work t o  develop formulat fons w i t h  the  bes t  
mechanical p rope r t i es  ( t e n s i l e  s t r e n g t h l e l  ongat ion a t  break] us ing  the  
p rev ious l y  i d e n t i f i e d  i ng red ien ts  i n  var ious r a t i o s .  Cure t imes and tem- 
peratures a l so  were s tud ied  t o  reach the  same goal.  The compounds described 
i n  Table 1 were prepared and tes ted  w i t h  the r e s u l t  t h a t  th ree  were i d e n t i f i e d  
fo r  f u r t h e r  evaluat ion.  Selected compounds inc luded the  one w t th  the  Fii'gfiest 
t e n s i l e  s t reng th  a t  room temperature (60-1 cured 20 minutes a t  30OeFj, the  
compound w i t h  the  lowest  f i l l e r  volume (60-3 cured 10 minutes a t  320°F) and 
the  compound w i t h  the  h ighes t  t e n s i l e  s t reng th  a t  the lowest  temperature a t  
which s t r e s s i s t r a i n  measurements were made (60-7 cured 10 minutes a t  320°F). 
During concurrent Task I I t e s t s ,  one compound rep resen ta t i ve  o f  the  
th ree  se lec ted  compounds was s t r a i n e d  t o  breaking w h i l e  immersed i n  p rope l -  
l a n t  (discussed i n  Sect ion 2.2.3) which generated f i r e s  i n  the  apparatus as 
a r e s u l t  of these t e s t s  (Appendix B). Subsequent ana lys is  o f  the  problem 
i n d i c a t e d  t h a t  t he  s i l i c a  (Si02) re inforcement  may have reacted w i t h  the  
OF2. A1 though i t  was l i k e l y  t h a t  the  polybutadiene a l so  could r e a c t  w i t h  
OF2 a t  the  t e s t  temperature (Reference 31, t h i s  base polymer was re ta ined  
due t o  i t s  c o m p a t i b i l i t y  r e l a t i v e  t o  the o ther  polymers a v a i l a b l e  (estab- 
l i s h e d  dur ing  the previous program) and due t o  i t s  e x c e l l e n t  low temperature 
p rope r t i es .  Therefore, the  f i l l e r  was recognized as the most l i k e l y  i ng re -  
d i e n t  which could be changed t o  improve the composites' c o m p a t i b i l i t y ,  
TABLE 1. FORMULATIONS AND PROPERTIES OF OF;, CANDIDATE ELASTOMER COMPOUNDS 
ComponentICompound No. 60- 1 60-3 60-4 60-5 60-6 60-7 
/ CIS-4 PolybutadTene, Ph i l l ips  Petroleum Company 100 100 100 100 100 100 / 
Cab-O-SI1 M-5, Cabot Corporation 40 10 40 40 40 40 
H'ISTL Hydroxy PB Resin. 6-2000, HYSTL Development Company t 50 / d i - p b u t y l  peroxide, Wallace and Tiernan 2.5 2.0 1.5 3.5 5.0 
03-Cup R ,  Hercules Powder Company 
- - 
2.5 
Total 142.5 112.0 141.5 143.5 195.0 142.5 
Tested a t  2 2 ° ~ b )  
TB.psi EB,% Set ,% Shore I M~~~ *psi 
- - - -
60-1 10/300 51 00 6800 500 5 1800 2700 500 5 80 
60-1 101320 4550 6150 500 5 -- 2200 250 0 80 
60-1 101350 -- 3850 200 0 -- 1500 75 0 85 
60-1 ') 201300 4700 6600 570 10 21 00 2800 5CO 0 80 
60-1 201320 4850 6850 510 5 -- 2250 250 0 80 
60-1 201350 5350 7100 450 10 -- 2300 240 0 85 
60-3') 101320 1500 3750 625 0 -- 240 . 50 0 70 
60-4 101320 4500 6650 600 10 1800 2500 440 0 85 
60-5 101320 4750 6200 430 5 -- 2000 160 0 85 
60-6 101350 2800 4250 500 0 -- 1100 200 0 70 
60-7 101320 4950 7150 600 10 1100 1400 440 10 7 5 
a )  Minutes a t  temperature shown i n  degrees Fahrenheit. The Fahrenheit sca le  has been used as  a matter  of rubber compounding custom. A11 
samples were oven post cured f o r  four  hours a t  225OF. 
b) Crosshead speed 20 Inches per minute. Modulus a t  300% elongation and ul t imate elongation data  were taken from t h e  Instron char t .  Set 
value was measured a t  temperature shown. Temperature control was +5"C. 
c )  These samples were selected f o r  evaluation i n  Task 11. 
Interaction between S1OZ and OF2 Ts favored on a thermodynamic Bas is  
accord ing t o  Equat ion (1 ) : 
S l i g h t  warming would vapor ize  t he  SiF4 ( b . p  = -65°C a t  181mm) and 
expose f r e s h  S i02  surface f o r  f u r t h e r  r e a c t i o n  w i t h  t he  p r o p e l l a n t .  Reac t ion  
between A1203 and OFp leads t o  t h e  f o rma t i on  o f  t h e r m a l l y  s t a b l e  AlF3, as 
shown i n '  Equat ion ( 2 ) ,  and would tend t o  pass i va te  t h e  su r f ace  o f  each f i  1 l e r  
p a r t i c l e  exposed t o  t he  p rope l  1 an t .  
A1203 + 30F2 -- 2A1FS + 302 aF0 = -381= kca l  
(subl ,  1300°C) 
A1 though t h i s  p o i n t  i s  cons idered thermodynamical ly and n o t  k i  n e t i  c a l  l y  , 
replacement o f  S i O p  w i t h  A1203 proved t o  be advantageous, as descr ibed  
be1 ow. 
Polybutad iene r e i n f o r c e d  w i t h  A1203, such as ALON (Cabot Co rpo ra t i on  
fumed a lumina) ,  p rov ides  somewhat d i f f e r e n t  p r o p e r t i e s  than  t h e  SfOp 
r e i n f o r c e d  coun te rpar t .  A b r i e f  compounding s tudy was undertaken t o  op t im-  
i z e  t h e  mechanical p r o p e r t i e s  o f  t h e  A1203 r e i n f o r c e d  composite. Three 
r e p r e s e n t a t i v e  f o rmu la t i ons  a re  descr ibed  i n  Table 2. A1 though room 
temperature p r o p e r t i e s  a r e  somewhat l e s s  than  those o f  conven t iona l  pe r -  
formance rubber  compounds, a t  low temperature (-78.5'C), a l l  t h r e e  candf-  
dates have ou t s tand ing  mechanical p r o p e r t i e s  which a r e  cons idered t o  be 
s a t i s f a c t o r y  f o r  a  b ladder  m a t e r i a l .  Compound 202-1 was se lec ted  f o r  
f u r t h e r  eva lua t i ons  as i t  has t h e  b e s t  p r o p e r t i e s  a t  low temperature,  and 
i t  has a h i g h  volume l o a d i n g  o f  A1203 (which i s  speculated t o  be pass i va ted  
by OFp and t o  p r o v i d e  a thermal s i n k  t o  quench p o t e n t i a l  degrada t ion  
r e a c t i o n s ) .  
2.1.2 6 Serv ice  
Dur ing Con t rac t  NAS7-902, ca rboxy la ted  a c r y l o n i t r i l e / b u t a d l e n e  copolymer 
was shown t o  be compat ib le  w i t h  B2Hg A lso  d u r i n g  those t e s t s ,  bu tad iene  
homopolymer was shown t o  be not  compatible w i t h  B2Hg I t  was not c lear  
whether the polymer was stabilized by the n i l r - i l e  g roups ,  by t h e  carboxylic 
ac id  groups, o r  bath. I n  t h e  p resen t  work, cemmerc ia l ly  a v a i l a b l e  n i t r i l e s  
( w i t h o u t  c a r b o x y l i c  a c i d  groups) cove r i ng  t he  range of 20-45 mole-percent  
WkOM Fumed Alumina, Cabot Corporation 
Di-Cup R, Hercules Powder Company 
D i  -$-butyl Peroxide , Wall ace and Ti ernan 
Total Parts 
- - - - - - - - - - - - - - - 
Press Cure, Min/"F a 1 
Oven Post Cure,  ours/^^^) 2/225" 
Tensile Strength, psi 
Elongation a t  Break, % 
Share W Hardness 
Modulus a t  108% El 
Tensile S t r e n g t h ,  
b) SLress/strai ns tested a t  indicated temperature, cross-head speed 20"/mi n using ASTM micro- 
tensi le  die specimens. Values are from the second highest of three specimens. 
acrylsnitrile were obta ined for tes t ing ,  T h i s  represents the range of 
n i t r i  les  presently available (described in Table 31, and represen t  b r t t t f  e 
p o i n t s  from -98°C t o ~ 5 7 " C .  These b r i t t l e  points were calculatec! accord- 
ing to  the relationship described by Wiley and Brauer (Reference 2 ) of 
Tg - +1.2"C for  every one mole-percent of acryloni t r i le  added. 
Four of the f ive  selected base polymers* were made into a formulation 
which was relat ively similar except that  the acryloni t r i le  volume fraction 
was assumed not to accept f i l l e r  (loading varied with butadiene content) 
and n o t  to vulcanize (curative varied with butadiene content). As shown 
in Table 4 ,  t ens i le  t e s t  data were obtained a t  temperatures selected to  
be above and below the calculated Tg of each base polymer. The data were 
inconclusive and indicated that  a l l  compounds were quite b r i t t l e  a t  -30°C 
and below. (Possible causes for  th i s  are discussed in Appendix A.) 
All four compounds were stored with B2H6 for  100 hours a t  -20°C to 
t e s t  compatibility. Although there i s  some data sca t te r  due to  the small 
number of specimens tested (Table 5 ) ,  i t  was concluded that  a l l  four com- 
pounds were equally compatible with the propellant, insofar as a short ,  
s t a t i c  t e s t  could determine. Chemigum N - 9 ,  known t o  have the lowest 
acryloni t r i le  content, appeared to  be compatible with the propellant, and 
certainly would have the lowest br i t t leness  temperature of commercially 
available ni t r i  1 es.  Therefore, th i s  base polymer was chosen for  formulation 
optimization. 
Table 6 shows representative formulations prepared to  provide the 
best room temperature properties from Chemigum N-9. Formulations 202-3 and 
203-1, among others, demonstrated that  N-9 was not sa t i s fac tor i ly  cured by 
dicumyl peroxide. Accelerated sulfur cures, such as used in Compound 202-2, 
provided much better mechanical properties. Short, s t a t i c  compatibility 
t e s t s  were used to  show that  this  cure system would not affect  compound/ 
propellant interaction. The loss of tensi le  strength observed (about 25%) 
was n o t  considered conclusive in l igh t  of the low number of data points 
and experimental error  inherent in tensi le  tes t ing,  In  retrospect, however, 
i t  would appear as though an acce1era"ed sulfur cure i s  less compatible v:?th 
than a peroxide cure. A modification o f  Compound 202-2 was made i n  
om Goodyear until a f te r  the t e s t  had 
been begun. 
TABLE 3, 
QMPATIBILITV TESTING 
Chemigum N-608 
Chemigum N-300 -32.5'C 
Chemi gum N-206 
(Control ) HYCAR 1072 (Measured) -1 8OC 
TABLE . 4 -  
FORMULATIONS AND PROPERTIES OF SELECTED CANDIDATE ACN/BD POLYMERS 
Component 
Chemi gum N-9, Goodyear Chemical 
Chemigum N-608, Goodyear Chemi ca l  
Chemigum N-300, Goodyear Chemical 
HYCAR 1072, B. F. Goodrich 
Cab-0-Sil M-5, Cabot Corporation 
d l - k b u t y l  peroxide 
- - - - -  - - - - -  
a7  - - - -  Cure timeltemp, min.1 F 
Oven post cure, hrs I0F 
- - - - - - - -  - - - -  - - - -  
M ps i  a t  ambient b 
~ a R P i l e ,  ps i  a t  ambient 
Elongation, % a t  ambient 
Tensi le Set, % a t  ambient 
Shore A Hardness a t  ambient 
Not 
Tested 
a t  Low 
Temp. 
Tensile, psi C) 
Elongation, % 
Tensile Set, % 
Not 1 Tes Led 
a t  Low 
Temp. 
Fahrenheit temperatures are used as a matter s f  rubber compounding custom, 
Stressis t ralns  tested a t  72"F, cross-head speed 20t"/ml"n us-i ng ASTN m-i cro- 
tensi le  die specimens. 
c )  SLress/strains tested above and below reported Tq ( M i  ley and 8rauer).  
Values are Prom the second highest of three specimens. 
10 
TABLE 5. 
a) Fahrenheit temperatures are used as a matter o f  rubber compounding custom. 
b) St ress/s t ra ins  tested a t  7 Z 0 F ,  cross-head speed 2OU/min using ASTM micro- 
t e n s i l e  d i e  specimens. 
c) Values are from the second highest  o f  three specimens. 
Chemi gum N-300, Goodyear Chemical 
HYCAR 1072, B. F. Goodrich 
Cab-0-Sil M-5, Cabot Corporation 
d i  -t- bu t y l  peroxide 
- - - - - - - - - -  
~$ROi le ,  ps i  a t  ambient 
Elongation, % a t  ambient 
Tens i le  Set, % a t  ambient 
Shore A Hardness a t  ambient 
. - " .  
"Control compound i nves ti gated dur i  ng Contract NAS7-702. 
Tensi le, ps i  a t  ambient c 1 
Elongation, % a t  ambient c 
970 
120 
1850 
600 
1950 
500 
3560 
520 
TABLE 6. 
TEST COMPOUNDS BASED ON LOW ACRYLONITRILE COPOLYMER FOR B2H6 SERVICE 
a)  Reported to be 2 0 % ~  acryl oni tri 1e/80%w butadi ene. 
b) Stresslstrai ns tested at 22"C, cross-head speed 201"/min. using ASTM 
mlcrotensile die specimens, 
c)  This compound has not been demonstrated t o  be compatible w i t h  B2Hg 
d)  Values are from the second h ighes t  of three specimens. 
Component/Compound No. 
Chemigum N-9, Goodyear 
Chemical a) 
Cab-0-Si1 M-5, Cabot 
Corp. 
Lupersol 101 Peroxide, 
Wallace & Tierman 
Di-Cup R, Hercules 
Zinc Oxide Reagent 
Sulfur, Rubbermakers 
Santocure, Monsanto 
Total Parts - 
Press Cure, Min.I0F 
Oven Post Cure, Hours/"F 
- 
Properti es b 
101 -1 
100 
20 
1.5 
121.5 
301325' 
21225' 
101-1 
Tensile Strength, psi 675 
Elongation at Break, % 
Shore A Hardness 
101 -3 
100 
3 0 
2.5 
132.5 
301325' 
21225' 
101 -3 
825 
20 
92 
202-3 
100 
50 
5 .O 
155.0 
301325' 
21225' 
202-3 
1300 
2 0 
9 7 
203-1 
7 00 
50 
2.0 
5.0 
157.0 
301325' 
21225' 
203-1 
202-2 
100 
50 
5 .O 
1.8 
1.2 
158.0 
301325' 
21225' 
202-2~) 
1550 
5 0 
9 5 
41 00 
460 
88 
whfeh the  f % l l e r  and c u r a t j v e  levels were decreased t o  lower the 
compound's room temperature and low temperature hardness, These changes 
provided b e t t e r  f l e x i b i l i t y ,  and the  f s rmu la t i on  prepared as a r e s u l t  e f  
t h i s  work, Compound 215-3, was i d e n t i f i e d  as a prime candidate f o r  Task I1 
eval u a t i  on 
2.1.3 Mechanical Property Tests 
Mechanical p roper ty  t e s t s  were r u n  para1 l e l  w i t h  the  compounding 
studies described above, and the r e s u l t s  were described i n  Tables 5 and 6. 
Test specimens f o r  s t r e s s i s t r a i n  and hardness measurements were placed i n  
a Hoke S-10 s t a i n l e s s  s tee l  c e l l  f o r  storage w i t h  prope l lan t .  Molded slabs 
0,020 and 0.050-inch t h i c k  were used interchangeably, but  w i t h  appropr ia te  
proper ty  c a l c u l a t i o n  cor rec t ions .  Tens i le  t e s t s  were conducted us ing  an 
I n s t r o n  t e n s i l e  t e s t  machine w i t h  a crosshead speed o f  20 inches per  minute. 
Low temperature t e n s i l e  t e s t s  were conducted i n  a Missimers envi ron-  
mental chamber attached t o  the  I n s t r o n  t e n s i l e  t e s t  machine. L i q u i d  
n i t rogen  was used as the  coolant  and temperature cont ro l  was about + 5°C. 
Samples were condi t ioned f o r  a minimum o f  f i v e  minutes a t  t he  reported 
temperature p r i o r  t o  tes t i ng .  No attempt was made t o  c o r r e c t  the  reported 
temperature (which was a c t u a l l y  the  atmospheric temperature i n  the  box) 
f o r  heat ing e f f e c t s  caused by s t r e t c h i n g  the  rubber dur ing  t e s t .  The 
importance o f  t h i s  p o i n t  w i l l  be discussed l a t e r  i n  t h i s  r e p o r t .  S e r t a l l y  
lowered t e s t  temperatures were employed f o r  each candidate compound t o  
determine i t s  low temperature b r i t t l e n e s s  l i m i t s .  
A1 though the polybutadiene (Compound 202-1 ) remained h i g h l y  compl i a n t  
a t  -120°C, i t  re ta ined  an extremely h igh  permanent deformation ( s e t )  a t  
t h i s  temperature. The n i t r i l e  was e lastomer ic  a t  -45"C, b u t  was b r i t t l e  
a t  -50°C under these t e s t  condi t ions.  
2.1.4 Se lec t ion  o f  Candidates f o r  Task I1  
Table 7 shows the  formulat ions o f  t he  two prime candidate compounds 
chosen f o r  eval  ua t i on  under Task 11, t h e i r  room temperature mechani ca l  
p roper t i es  and t h e i r  mechanical p rope r t i es  a t  the  lowest temperature ( t S b C )  
a t  whfch they are judged t o  be e%astomeric. 
TABLE 7. 
PRIME CANDIDATE COMPOUNDS FOR OF2 AND B2H6 EXPULSION BLADDERS 
Gomponent/Compound No. 
@I%-4 Polybutadiene,  P h i l l i p s  Petroleum Go. 
Chemigum N-9, Goodyear Chemical 
WbON Fumed Alumina, Cabot Corporat ion 
Cab-0-Sil M-5, Cabot Corporat ion 
Di - t -bu ty l  Peroxide,  Wallace & Tiernan 
SulFdr,  Rubbermakers 
Santocure NS, Monsanto 
Tota l  P a r t s  - 
. . . . . . . . . . . . . . . . . . . .
Press  Cure, Min./OF 
Air Oven Post  Cure, Hours/"F 
202-1 (OF,) 
Modulus a t  100% Elonaat ion.  ~ s i  
 , -  
Modulus a t  300% ~ l o n i a t i o n ,  p s i  
T e n s i l e  a t  Break, p s i  
Elongat ion a t  Break, % 
T e n s i l e  Set, % 
Shore A Hardness 
Modulus a t  100% Elongat ion,  p s i  
Modulus a t  300% Elongat ion,  p s i  
T e n s i l e  a t  Break, ps i  
Elongation a t  Break, % 
T e n s i l e  Set, % 
a )  S $ r e s s / s t r a i n  tests a t  20 inches per  minute using ASTM m i c r o t e n s i l e  d i e  specimens. 
Values are from the second h ighes t  of t h r e e  specimens. 
2.2  TASK IF - STATIC AND DYNAMIC COMPATIBILITY TESTS OF OPTIMIZED COMPOUNDS 
Work under the previous contract and the i n i t i a l  work under the 
present contract uti l ized storage t e s t s  i n  which elastomer spec7mens were 
placed in the propellant and held fo r  several days. Weight change analysis 
of the specimens and mechanical property retention were the measure of 
compati bi 1 i ty . A1 though th i s  t e s t  procedure i s adequate for screening 
purposes, an expulsion bladder i s  a dynamic device, and ultimately must be 
tested in a mode resembl ing i t s  end-use requirements. This section describes 
the ser ies  of t e s t s  conducted to  demonstrate the usefulness of the candi- 
date elastomers fo r  OF2 and B2Hs expulsion bladders. Tests varied from shor t ,  
s t a t i c  conditions to actual "propel 1 ant expulsions". 
2.2.1 S ta t i c  Compatibility Tests 
Results of s t a t i c  compatibi 1 i ty t e s t s  were described in Section 2.1 
of th i s  report. The apparatus used for  these t e s t s  was bui l t  under the 
previ ous Contract (NAS7-702), and was descri bed i n the Fi nal Report 
(Reference 2). Storage temperatures were -78.5OC fo r  OF2 (dry i ce )  and 
-20°C fo r  B2H6 (freezer appl i ance) . 
As a r e su l t  of 100-hour storage periods, no information was obtained 
to  show that  e i ther  propellant reacted s ignif icant ly with any compound 
prepared during th i s  program. There was a higher level of compatibility 
with both propellants than was anticipated or iginal ly .  Thus, a more severe 
s t a t i c  t e s t  procedure was employed to explore fur ther  the elastomer/propel- 
lant  compatibility by contacting the specimens with propellant a t  higher 
temperature. 
A sample of a1 umi na-rei nforced polybutadi ene (Compound 202-1 ) 
measuring 1 .2 x 0.25 x 0.050-i nch was covered by about 1 .5cc of OF2 a t  
-194°C i n  a s ta in less  s teel  cylinder. The liquid nitrogen coolant then 
was allowed t o  evaporate slowly. The propel lant  slowly warmed do O°C 
(vapor  pressure was higher than the  2500 p s i  l imit  of the transducer being 
used), and contacted the elastomer f o r  nearly a half-hour  a t  t h i s  tempera- 
ture, w i t h  no reaction observed, After venting the OFZdthe elastomer was 
retrieved apparently unaffected. A f i r e  was anticipated a t  a temperature 
above 0°C (see Appendix 61, thus the tes t  was s topped a t  %h?s temperature 
i n  order  t o  recover the  specimen fo r  eva lua t i on  r a t h e r  than t o  r i s k  i t s  
des t ruc t ion .  
A s i m i l a r  t e s t  was conducted us ing  the  n i t r i l e  (Compound 215-3) w i t h  
B2ti6. I t  was observed t h a t  no r e a c t i o n  took p lace between the elastomer 
( s t a t i c )  and the  p r o p e l l a n t  a f t e r  one-half hour a t  room temperature (2Z°C). 
This  specimen a1 so appeared unaf fec ted  b y  the  exposure. 
Dynamic Compati b i  1 i ty  Tests 
A smal l  t e s t  c e l l  (F igure  1)  was b u i l t  t o  s t r a i n  elastomer specimens 
t o  f a f l u r e  w h i l e  immersed i n  p rope l l an t .  Some o f  t he  r e s u l t s  o f  t h i s  t e s t  
have been presented i n  prev ious sect ions o f  t h i s  r e p o r t  (Sect ion 2.1 . l )  . 
S i l i c a  f i l l e r  f o r  polybutadiene was e l im ina ted from content ion  as a r e s u l t  
o f  t h i s  t e s t ,  and was replaced by the  more s t a b l e  alumina f i l l e r .  
Alumina-reinforced polybutadiene (Compound 202-1) was c u t  t o  form a 
67.3 m i l l i g r a m  s t r i p  which was placed i n  the  apparatus. While immersed i n  
OF2 a t  -78.5OC, t h e  specimen was s t r a i n e d  t o  breaking. A f i r e  was i n i t i a t e d  
when the  rubber broke, the  s t a i n l e s s  s t e e l  apparatus rup tured and was 
ox id i zed  severely .  The broken rubber was recovered, weighed and reassembled. 
Weight o f  t h e  recovered specimen was 58.2 m i l  1 igrams ( 1 3 . 5 % ~  l o s s )  and 
a1 though the  sur face was s l i g h t l y  charred, the  bu l k  remained e lastomer ic .  
One s l i v e r  o f  the  specimen was n o t  found, and i t  i s  be l ieved t h a t  t h i s  
might  account f o r  the  weight l o s s  (a f u r t h e r  n a r r a t i v e  o f  t h i s  t e s t  i s  
repor ted  i n  Appendix B) .  
A n a l y t i c a l  examination o f  the  specimen provided no h e l p f u l  i n fo rma t ion .  
There was no evidence o f  sur face f l u o r i n a t i o n ,  as shown by comparing 
Attenuated To ta l  Ref lectance i n f r a r e d  spectra o f  unexposed ma te r ia l  w i t h  
the  t e s t  sample. No d i s c r e e t  absorp t ion  bands were found f o r  e i t h e r  sample 
a t  8.4, 8.9, 10.4 and 11.0p. This  i nd i ca tes  t h a t  the  specimen was n o t  
f l u o r i n a t e d  t o  a h igh  degree, o r  t h a t  f l u o r i n a t e d  species were pyro lyned 
by the  heat o f  the  reac t i on .  Temperatures o f  >20Q°C probably were 
encountered i n  t h i s  instance,  as this  i s  the temperature a t  w h i c h  fluorine 
reacts ~ 4 t h  stainless s tee l .  Scannjng electron photanicrsgraphs o f  t h e  
specimens a re  shown i n  F igure 2. 
Connecti on to  A i  r-Actuated Cyl i nder 
Plug and 
Containi 
Kel-F Cell wi th  Threaded End 
Figure 1 .  Test Apparatus Built to  Break 
E l  as tomer Samples Whi l e They 
Are Immersed i n  Propellant 
Compound 202-1 C o n t r o l .  lOOX M a g n i f i c a t i o n  Compound 202-1 Exposed. lOOX M a g n i f i c a t i o n  
Compound 202-4 Control, I O B O X  M a g n i f f c a t i s ~  Compound 262-1 Exposed- l O O O X  Magn i f i ca t i on  
F-igure 2. Surfaces Of Rubber Specimens P r i o r  
To And A f t e r  Being S t r a i n e d  To 
Breaking I n  O F p  a t  -78,5'C. 
S t r a i n  t o  f a i l u r e  o f  the n i t r i l e  (Compound 215-3) was performed w h i l e  
the  specimen was imnersed i n  B2H6 a t  room temperature (about 22'C). There 
was no i n d i c a t i o n  o f  ehemi ca? reac t ion ,  and the sample was recovered 
q u a n t i t a t i v e l y .  Attenuated Tota l  Reflectance i n f r a r e d  ana lys is  o f  the 
specimen showed no evidence o f  boron-carbon o r  boron-hydrogen func t iona l  
groups on the  sur face of t he  specimen. This conclusion i s  reached by the 
absence o f  absorpt ion bands a t  3.85 and 4 . 0 ~  (Reference 4 ) .  Scanning 
E lec t ron photomicrographs o f  the  specimens are  shown i n  Figure 3. 
2.2.3 Diaphragm Expulsion Tests 
Laboratory t e s t s  are s a t i s f a c t o r y  f o r  screening purposes, b u t  
authent ic ,  in-use t e s t s  are f a r  more useful i n  the  assessment of the  
f e a s i b i l i t y  o f  using t h e  candidate ma te r ia l s  as expuls ion bladders. Such 
an in-use t e s t  was devised t o  evaluate f l a t  sheets of elastomer as 
expuls ion diaphragms. 
A t e s t  apparatus was b u i l t  as shown i n  Figure 4 t o  serve as a 
smal l -s ize expuls ion device. Compound 202-1, molded 0.050-inch t h i c k ,  was 
used as the  expuls ion membrane f o r  OF2 t o  be actuated by n i t rogen.  The 
apparatus was cooled t o  -78.5OC (vapor pressure o f  OF2 a t  t h i s  temperature 
i s  about 450 psia) ,  and was connected both t o  an OF2 supply source and 
t o  a n i t rogen  tank, as i nd i ca ted  i n  the  diagram. A t  low n i t rogen  pressure, 
t he  check valve tandem would accumulate about f i v e  m l  o f  l i q u i d  OF2 on 
one s ide  o f  t he  elastomer membrane. Rais ing the  n i t rogen  pressure would 
f l e x  the elastomer and expel t he  accumulated p r o p e l l a n t  t o  the  rece iv ing  
tank. A f t e r  f o r t y  such cycles, the  rece iv ing  tank had reached a pressure 
o f  over 100 ps ig .  A t  t h i s  po in t ,  the experiment was stopped and t h e  OF2 
vented from the  rece iv ing  tank. 
The specimen was r e t r i e v e d  apparent ly unaffected. I t  had taken a 
"se t "  as shown i n  the  photograph o f  F igure 5, bu t  was as e lastomer ic  
(judged by hand t e s t i n g )  as the  p r e t e s t  ma te r ia l .  
A s i m i l a r  t e s t  was conducted w i t h  Compound 215-3 used t o  expel 
BZHse I n  t h i s  experiment the equipment was i m e r s e d  i n  a s t i r red  slush 
ba th  o f  dry ice/chlorsbenzene (rn.p, = -4%"C), providing a propellant 
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vapor pressure o h f  ut 250 psi.  A f t e r  20 expulsions o f  D2H6  hi -h 
generated a presswTe o f  d ~ o u t  SQOpsi in the receiving tank, the mem- 
brane appeared t o  be leaking pressure, and the experiment was stopped. 
Upon removal, the membrane was found t o  be cracked as shown i n  the  photo- 
graph o f  F igure 6. 
I n v e s t i g a t i o n  o f  the  poss ib le  mechanism o f  crack ing leads t o  the 
conclusion t h a t  the  specimen was being f l e x e d  i n  a n e a r - b r i t t l e  s t a t e .  
Concentr ic s t ress  cracks were found near the  center  o f  the sample, and 
these appeared t o  be i n i t i a t e d  f rom the  n i t rogen  gas pressurant  s i d e  as 
opposed'to the  B2H6 side. The specimen was n o t  s t i f f e n e d ,  and i t  d i d  n o t  
show evidence o f  chemical at tack.  I t  i s  be l i eved  s t rong ly  t h a t  t he  
cracking was due t o  mechanical damage caused by s t r a i n i n g  the low 
temperature-st i  f fened membrane beyond i t s  e l  a s t i  c 1 im i  t. 
Although the  t e n s i l e  t e s t  data repor ted  i n  Table 7 show the n i t r i l e  
compound i s  e las tomer ic  a t  - 4 5 O C ,  i t  must be r e a l i z e d  t h a t  the  specimen 
may have warmed somewhat dur ing  the  t e s t .  Also, c o n t r o l  o f  the t e n s i l e  
t e s t  chamber was about - + 5 O C .  During the  expuls ion t e s t s ,  l i q u i d  B2H6 
contacted the  membrane and would prov ide  more e f f i c i e n t  coo l i ng  than the 
n i t rogen  atmosphere o f  the t e n s i l e  t e s t  apparatus. I t  i s  concluded t h a t  
the  expuls ion t e s t s  were performed w i t h  the  elastomer somewhat coo le r  than 
i n  the  t e n s i l e  t e s t s ,  and t h i s  small change was enough t o  s t i f f e n  the  
membrane s i g n i f i c a n t l y .  
The successful  expulsions o f  OF2 and B2H6 by e lastomer ic  membranes 
are considered t o  be most s i g n i f i c a n t  r e s u l t  o f  t h i s  program, b u t  exposure 
t ime t o  the propel  1 ants was s h o r t  dur ing  these ' t e s t s  . Therefore, 1 ong- 
term compatibi 1 i ty and permeabi 1 i ty measurements were made t o  f u r t h e r  
charac ter ize  the  ma te r ia l s  usefulness f o r  p ro jec ted  OF2 and B2Hs serv ice .  
2.3 TASK 111 - LONG-TERM COMPATIBILITY AND PERMEABILITY BY OF2 
AND BBHs 
erm com- There are two proceduws which can be used t o  test long-t, 
pati bi 1 i t y  between materi a l s  and propel l ants, The more obvious is to store 
the materials in the propellant for  periods o f  time approximating the 
in-use requiremnt,  A more economical a l ternat ive i s  t o  store t h e  materials 
for  shorter periods of  time a t  h igher  storage temperatures. However, there 
i s  a trade-off between excessively long tes t s  and the introduction of new 
chemical reactions a t  higher temperatures which would not take place a t  
i n-use storage temperatures. This section describes tes t s  conducted for  
the longest period of time available within the contract period a t  tempera- 
tures 4Z°C above the potential lower use l imit  of Compound 202-1 and about 
25OC abave the potential lower use l imit  of Compound 215-3. 
2.3.1 Long-Term Compatibi l i  ty  of Compound 202-1 with OF2  
Compound 202-1 was stored in OF:, a t  -78.5OC for  42 days. Three 
specimens were stored relaxed and three were stored bent double; three 
specimens were stored bent double without propellant to  serve as controls. 
Table 8 presents the data obtained from these specimens for  change in 
weight and retention o f  mechanical properties. 
I t  i s  concluded from the data that  properly cured (see Appendix D )  
a1 umina-reinforced, peroxide-cured - c i s  1 ,4-polybutadiene i s  highly com- 
patible with l iquid OF2 a t  -78.5OC. Impact sens i t iv i ty  has not been 
determined (aside from the dynamic t e s t  described in Section 2 . 2 . 2 ) ,  b u t  
th is  important consideration was outside of the scope of th is  program. 
Mechanical property changes were considered to  be minor for the 
relaxed specimens as was the weight increase. The bent specimens appeared 
to  be affected s l ight ly  by the propellant. 
In the concl usi ons (Section 3 )  based upon the work during th i s  
project,  a cal cul ated estimate was made regarding the anticipated 1 i  fetime 
of Compound 202-1 in a strained configuration with OF2 a t  -120°C. While 
this  calculated l ifetime estimate i s  shorter than present mission goals, 
i t  i s  several-fold greater than was anticipated pr ior  to  th is  program. 
2.3,2 zH 6 
Compound 215-3 was stored with BeHs a t  -20°C for  48 days. Three 
specimens were stored relaxed and three were stored bent  double;  three 
a) Stored  i n  propellant a t  -78 .5OC fo r  42 days, except as noted. Tensile tes ts  were 
conducted a t  room temperature using ASTM microtensile die specimens pulled a t  
28"hmin- crosshead speed. Values reported are the second highest of three specimens. 
b )  Values are from the second highest of three specimens. 
c)  There i s  no obvious explanation for the weight gain. 
were stored bent doub le  w i t h o u t  propellant t o  serve as controls, Table 9 
presents the data obtained from these specimens for  change in weight and  
  tent ion o f  mehani cal pmpert ies ,  
I t  i s  concluded from the data that  s i  1 i ca-reinforced, sul fur-cured 
low acryloni t r i  l e  content butadiene copolymer i s  re1 a t i  vely compatible 
with B2H6 a t  -20°C. However, the propellant does react slowly with the 
base polymer. This i s  reflected by loss of tensi le  strength and breaking 
elongation, and by surface embri ttlement. Reaction between propel 1 ant 
and polymer apparently i s  a surface phenomenon as a 0.050-inch thick 
specimen i s  less affected than a 0.020-inch thick specimen both stored 
relaxed in B2H6 a t  -20°C. Based upon the short-term compatibility t e s t  
results using peroxide-cured ni t r i  les (Table 5) and sul fur-cured ni t r i l e  
(Table 9 )  , i t  appears as though the sul fur  cure sys tem may be the primary 
cause for  the observed degree of propel l ant i ncompati bi 1 i ty . 
Specimens of Compound 202-1 were cl amped into the permeabi l i ty 
t e s t  cell  (Figure 7) and permeated by OF2 a t  two temperatures. Pressure 
r i s e  in the downstream compartment was plotted as a function of time. 
Pertwabi l i ty coeffi cients , P , were cal cul ated over the 1 inear portion of 
the curve, independent of the induction periods which typically were 3-4 
days. Table 10 presents the pertinent data, used i n  calculating the P 
values in the units of: 
P = 2 (cm specimen) (seconds) (cmHg pressure drop) 
From these P values ,long-term leak rates may be calculated for  a 
bladder of given configurations and operating conditions . For example , 
a 10-inch diameter bladder 0.050-inch thick made from Compound 202-1 and 
containing OF2 a t  -78.5OC would leak about 0 . 3 5 % ~  of the contained pro- 
pellant per year.* A t  -95"C, the leakage would be unmeasurably low, b u t  
using the upper 1 imi t o f  permeability detection as the c r i t e r i a ,  i t  may 
be calculated t h a t  a bladder as described above would l e a k  less than 
0 . 1 8 % ~  o f  the contained p r o p e l l a n t  per year,  
--- -- --&----L--w----=-*- - ----- 
*Asr;umpe5s: Density of OF a t  -78,5'6 =: I ,25 gPm1 
A P  across b l a  $ der = 458 psia 
OF2 assumed t o  be a perfect gas 
Leakage i s  l i n e a r  with time 
TABLE 9 .  COMPATIBILITY OF COMPOUND 215-3 WITH B2Hs a 
Conditi ons 
Original Properties 
Relaxed, -20°C,  In B2Hs 
a) Stored =in propellant at -20°C for 48 days, except as noted. Tensi le tests were conducted at room 
temperature using ASTM micro tensile die specimens pulled at 201'/min. crosshead speed. Values 
reported are the second highest of three specimens. 
b) T h e  surface is brittle, but the bulk is elastomeric. 
- 
c) rhere is no obvious explanation for the weight gain. 
d )  When removed from the test cell the surfaces flaked and sufficient elastomer material was lost to 
render the weighings invalid. 
e )  Stored in propellant at -20°C for 64 days. 
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Figure 7. Diagram o f  Propel 1 an t  Permeabi 1 i t y  Apparatus 
TABLE SO. 
PERMEABILITY COEFFICIENTS FOR THE PRIME CANDI DATE ELASTOMER COMPOUNDS AS 
A FUNCTION OF TEST TEMPERATURE 
a) Specimens were nominal ly  0.050-inch t h i c k  and 1 - i  nch diameter. 
b )  Only l i n e a r  data were used i n  the c a l c u l a t i o n  o f  the permeabi l i t y  
c o e f f i  c i en t .  Typical  i nduc t ion  periods were 3-4 days. 
c )  Un i ts  are: (cc STP) (cm t h i c k )  
(cm' area) (sec) (cm Hg pressure) 
d) The B2H6 analyzed 99% pure w i t h  1% hydrogen. 
Compound 215-3 was permeated by B2H6 in the same cell as was used 
for  OF2 ( ~ i  gure 7) .  Permeabi 1 i ty coefficient values calculated fo r  three 
temperatures are shown in Table 10. They are higher than the values fo r  
Compound 202-1, b u t  i t  must be noted that  the t e s t  temperatures are 
significantly higher and extrapolation of the P values to  temperatures in 
the range of -90°C are more consistent with the 202-1 values. 
Calculation of leakage rates for  a 10-inch diameter bladder prepared 
from Compound 215-3 a t  -45OC shows that  about 10.4% of the contained pro- 
pel lan t  would permeate per year. 
2.3.5 Final Selection of Candidate Compounds 
As a resul t  of the work reported herein, Compound 202-1 (see Table- 7) 
appears to  be a t t rac t ive  fo r  further evaluation as a possible expulsion 
bladder material for  OF2. A t  low temperatures, i t  i s  highly compatible 
with the propellant, i t  can be safely flexed in the propellant, and i t  i s  
highly processable and could be fabricated readily into a bladder. 
While not as fu l ly  developed as the OF2 candidate, Compound 215-3 
(see Table 7)  shows high f eas ib i l i t y  for  service in B2H6.  Certain modifi- 
cations in the material will be suggested in Section 2.4, b u t  the goals 
fo r  these changes are defined clearly.  While not recommended for  long 
mission B2H6 bladders in  i t s  present form, simple modifications are 
feasible t o  bring i t  t o  the s t a t e  of usefulness represented by the OF2 
candidate material . From th i s  program, however, Compound 21 5-3 i s  the 
best overall el astomeri c materi a1 avai 1 able fo r  B2Hs service. The follow- 
ing section suggests modifications and further study indicated by the 
present findings. 
2.4 RECOMMENDATIONS FOR FUTURE WORK 
The polybutadiene compound for  OF2 service i s  a t  an advanced stage of 
development. Hmever, i t  must be demonstrated that a bladder can be msl ded 
from the material , Also,  the impact sensi t i  v i  "c?/ sf the materi a1 mug t be 
examined fu r ther  t o  determine the role  played purely by impact i n  the 
t e s t s  described in Section 2 .2 .2 .  During those tes t s  i t  appeared as 
though the  e lastomer was s i g n i f i c a n t l y  more charred i n  the  vapor con tac t  
area as opposed t o  the l i q u i d  con tac t  area. I t  needs t o  be determined i f  
Compound 202-1 w i l l  i g n i t e  a f i r e ,  even under impact,  i n  an OF2 l i q u i d  
environment.  Ca l cu la t i ons  o f  i n i t i a t i o n  k i n e t i c s  i n d i c a t e  t h a t  t h e  e l  asto-  
mer may n o t  i n i t i a t e  a f i r e  under these cond i t i ons .  
For B2Hs se rv i ce ,  i t  must be determined i f  a perox ide-cured n i t r i l e  
would be more compat ib le  w i t h  t he  p r o p e l l a n t  than t h e  s u l f u r - c u r e d  
Compound 215-3. Data d iscussed i n  t h i s  r e p o r t  i n d i c a t e  t h a t  t h i s  may be 
the  case. O f  equal  importance i s the  i n v e s t i g a t i o n  o f  a1 t e r n a t i  ve base 
polymers t o  p r o v i  de b e t t e r  1 ow temperature p r o p e r t i e s  . A t  1 ower tempera- 
t u r e s  the  permeabi l  i ty  would c e r t a i n l y  decrease t o  a more des i  r a b l e  l e v e l .  
F u r t h e r  work s houl  d be d i r e c t e d  toward develop ing b e t t e r  mechani c a l  pro-  
p e r t i e s  e i t h e r  f rom perox ide-cured Chemigum N-9 o r  f rom an a l t e r n a t i v e  
polymer. 
3. CONCLUSIONS 
I t  i s  concluded t h a t  a reasonable demonstrat ion was performed f o r  
candidate OF2 expu l s i on  b l  adder m a t e r i  a1 w i t h  TRW Compound 202-1 . Addi - 
t i o n a l  eva lua t i ons  a re  necessary t o  e s t a b l i s h  i t s  c a p a b i l i t i e s  and 1 i m i  t a -  
ti ons . 
I t  i s  concluded t h a t  TRW Compound 215-3'was demonstrated t o  be a 
f avo rab le  candidate ma te r i  a1 f o r  B2Hs expu l s i on  b ladders.  However, some 
o f  t h e  l i m i t a t i o n s  o f  t h i s  m a t e r i a l  a re  known and must be overcome t o  a 
assure re1  i a b l e  performance d u r i n g  l o n g  miss ions.  
P ro jec t i ons  o f  use fu l  l i f e t i m e s  have been made based upon the  long- term 
t e s t s  conducted d u r i n g  t h i s  program. The f o l l o w i n g  assumptions have been 
made : 
Pe rmeab i l i t y  i s  1 i n e a r  w i t h  t ime 
e Degradat ion i s  l i n e a r  w i t h  t ime 
e Rate o f  degradat ion doubles f o r  every 10°C temperature r i s e  
Tens i l e  s t r e n g t h  i s  the mast impor tan t  mechanical p r o p e r t y  
f o r  a fsl d i  ng- type bl  adder ,  
Table 19 shows the  p r o j e c t e d  r a t e s  of  b ladder  f u n c t i o n  degradat ion a 
TABLE 11. 
PROJECTED RATES OF BLADDER FUNCTION DEGRADATION 
kchani  cal Properties 
0.3% loss of strength/year 
propel l ant/year 
10 .4% loss of  23% loss of strength/year 
propel 1 ant/year 
"Values i n  parentheses a re  the vapor pressures of the propellants i n  psia 
a t  the indicated use temperatures. 
4. NEW TECHNOLOGY 
Dur ing t h i s  program i t  was determined t h a t  fumed alumina (A1203) i s  
an a t t r a c t i v e  r e i n f o r c i n g  agent f o r  - c i s  1,4-polybutadiene both f rom a  
mechanical p rope r t y  s tandpo in t  and f rom an OF2 c o m p a t i b i l i t y  s tandpo in t .  
The improvement i n  c o m p a t i b i l i t y  w i t h  OF2 was p red i c ted  by thermodynamics 
i n  t h a t  a  more s t a b l e  r e a c t i o n  produc t  i s  formed by OF2 r e a c t i n g  w i t h  A1203 
than by OF2 r e a c t i n g  w i t h  S i 0 2  This  r e a c t i o n  i s  be l i eved  t o  pass iva te  
t h e  A1203 sur face.  Other f a c t o r s  undoubtedly c o n t r i b u t e  t o  t he  observed 
improvement i n  compati b i  1 i ty, b u t  i t  appears as though the thermodynamic 
approach t o  t he  s e l e c t i o n  o f  rubber  compounding i ng red ien ts  f o r  se rv i ce  i n  
h i g h l y  co r ros i ve  environments i s  a  use fu l  one. 
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APPENDIX A 
FACTORS INFLUENCING THE MECHANICAL PROPERTIES OF VULCANIZED NETRILE COMPOUNDS 
During the  fo rmu la t i on  op t im iza t i on  s tud ies  w i t h  Chemigum N-9, i t  was 
determined t h a t  peroxide cures d i d  n o t  develop s u f f i c i e n t l y  good mechani - 
ca l  p rope r t i es  f rom t h i s  type o f  low a c r y l o n i t r i l e  content base polymer. 
A b r i e f  survey o f  t he  l i t e r a t u r e  was made i n  o rder  t o  d iscover  a s o l u t i o n  
t o  the problem. 
M i l  l iams (Reference A-1 ) repo r t s  t h a t  a n i  t r i l e  copolymer w i t h  s tereo-  
s p e c i f i c  1,4-polybutadiene t h e o r e t i c a l l y  i s  s t ronger  than na tu ra l  rubber, 
b u t  t h a t  1,2-st ructure i s  t he  s i n g l e  most harmful s t r u c t u r a l  fea ture .  
Based upon the  >4000 p s i  t e n s i l e  s t rength  developed f rom the Chemi gum N-9 
us ing  an acce lera ted  s u l f u r  cu ra t i ve ,  i t  must be concluded t h a t  a h igh  
percentage o f  t he  butadiene u n i t s  are o f  1,4-structure. On the o the r  hand, 
Sebre l l  and Dinsmore (Reference A-2) showed t h a t  1,2-structure increases 
w i t h  lower acr.yloni t r i l e  contents. Thus, Chemigum N-9 ( low acr.yloni tri l e )  
would be expected t o  have the  lowest  t e n s i l e  s t rength  o f  a se r ies  o f  
n i  t r i l e s ,  a l l  o t h e r  f a c t o r s  the same. 
Hofmann (Reference A-3), i n  n o t i n g  t h a t  t he  energy t o  dehydrogenate 
rubber var ies  w i t h  types, i nd i ca tes  t h a t  n i t r i l e s  are in termediate i n  vu l -  
cani z a t i o n  e f f i c i e n c y  between e. g. ethylene/propylene terpolymer (excel  1 e n t )  
and b u t y l  rubber (degraded). Hofmann p o i n t s  ou t  the advantage i n  n i  t r i l e  
rubber o f  us ing  z i n c  oxide i n  con junc t ion  w i t h  the  peroxide. This procedure 
was used unsuccessful l y  as demonstrated by Compound 203-1 , reported i n  
Table 6 o f  the t e x t .  
Cab-0-Sil M-5 r e i n f o r c i n g  s i l i c a  used i n  the  compounding study has a 
pH o f  about 4 (water s l u r r y )  and a c i d i c  ma te r i a l s  are known t o  decrease the  
e f f i  c iency s f  peroxides by favo r ing  h e t e r o l y t i c  oxygen cleavage, Compounds 
conta in ing  s i  S i  ca may be more effectively c ross - l i nked  by special peroxides 
such as tetrachloro-di-t-buty9 - peroxide, b u t  t h i s  approach was n o t  i n v e s t i -  
g a t e d  during th is  program, 
Antioxidants a l s o  can influence the peroxide cure o f  nitrile rubbers 
by i n h i b i t i n g  f r e e  r a d i c a l  formation. I n  the case o f  Chemigum N-9, the  
an t i ox idan t  content  was n o t  known and the re fo re  no adjustment i n  peroxide 
l e v e l  was made due t o  an t i ox idan t .  
Improved peroxide vulcanizates o f t e n  can be obta ined by us ing  an 
auxi 1 i a r y  cross1 i n k i n g  agent such as tri a1 l y l  cyanurate (Reference A-4) 
o r  m-phenylene-bis-maleimide (Reference A-5). These procedures were n o t  
i n v e s t i g a t e d  du r ing  t h i s  program. 
E f f e c t  o f  vary ing  l e v e l s  o f  peroxide on mechanical p rope r t i es  as des- 
c r i b e d  by Hofmann (Reference A-6), i nd i ca tes  t h a t  the  compounding study 
repo r ted  here in  u t i l i z e d  t o o  much peroxide. The n i t r i l e  groups have a h igh  
a c t i v a t i o n  e f f e c t  on the  diene p o r t i o n  o f  the polymer, and thus requ i re  l ess  
peroxide t o  reach a s a t i s f a c t o r y  s t a t e  o f  cure than, say, ethylene/propylene 
polymers. However, the a d d i t i o n  o f  very smal l  amounts o f  s u l f u r  and 
acce le ra to r  i n con junc t ion  w i  t h  peroxide markedly increases the  e longat ion  
a t  break, and tends t o  increase the  t e n s i l e  s t reng th  compared w i t h  the 
pure peroxide cure employed. Low elongat ions a t  break were the  obviously  
poor c h a r a c t e r i s t i c  o f  t he  peroxide-cure n i t r i l e s  described i n  Table 6 o f  
the t e x t .  I t  i s  concluded t h a t  a d d i t i o n a l  compounding work cou ld  prov ide  
a perox i  de-cured compound based on Chemigum N-9 w i t h  mechanical p rope r t i es  
s a t i s f a c t o r y  f o r  b ladder requ i  remerats . 
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APPENDIX B. 
RESULTS OF TENSILE TESTING A POLYBUTADIENE COMPOUND IMMERSED I N  O F p  
Samples o f  rubber (Compound 60-3, prepared from - c i  s 1,4 polybutadiene, 
s i l i c a  and peroxide) were elongated t o  rupture  i n  l iquid/gaseous OF2 
a t  a vapor pressure o f  400 t o  500 ps ig  (-78.5"C). The sample i g n i t e d  and 
destroyed the t e s t  apparatus i n  both instances. 
The apparatus used f o r  t h i s  experiment i s  shown i n  Figure B-1. It i s  
essen t i a l l y  a "U" tube attached t o  a vacuum system by a 118" AN f i t t i n g .  
One l e g  o f  the "U" tube served as a rece iver  f o r  the l i q u i d  OF2 and was 
c h i l l e d  w i t h  LN2 The o ther  l e g  o f  the "U" tube was a sample c e l l  c h i l l e d  
w i t h  dry  ice.  I t  contained a sample holder f o r  the t e s t  rubber. One end 
o f  the sample holder was attached t o  the bottom o f  the sample c e l l ,  which 
i n  t u r n  was bo l ted  t o  the f l o o r .  The other end was attached t o  a 118" 
rod operated by a power actuator. This rod was drawn through a Tef lon- 
sealed Swage1 ok f i t t i n g .  
I n  operation, the l i q u i d  OF2 was condensed i n  the l e f t  arm o f  the 
tube w i t h  LN2 coolant. The r i g h t  arm o f  the tube was p re -ch i l l ed  w i t h  
dry ice.  I n  t h i s  way the rubber d i d  no t  experience temperatures below 
-78.5"C. Approximately 1.5 t o  2.0 cc o f  l i q u i d  OF2 was d i s t i l l e d  i n t o  the 
LN2 cooled a n  a t  pressures up t o  one atmosphere. When the measured 
amount was t ransfer red as evidenced v i s u a l l y  and by reduct ion o f  the vapor 
pressure below 0.1 psig, the tube leading t o  the t r ans fe r  1 i n e  was sealed 
w i t h  two valves. The LN2 bath was removed t o  a l low l i q u i d  OF2 t o  warm 
.: and d i s t i l l  i n t o  the dry i c e  cooled sample c e l l .  When the pressure increased 
t o  the normal vapor pressure o f  oxygen d i f l u o r i d e  a t  -78.5" (equ i l i b r ium 
pressure i s  about 450 ps ia )  two samples were elongated t o  breaking. 
Both experiments resu l ted  i n  f i r e s  and extensive damage t o  the apparatus. 
Rubber he ld  i n  the Jaws o f  the holder showed extensive charr ing.  No 
other  rubber mater ia l  was found. Much o f  the metal apparatus and tub ing 
leading t o  the ruptured equipment was burned and corroded. 
W previous attempt t o  observe t h i s  rupture i n  a KeS-F tes t  ce l l  a l so  
resu l ted  i n  an explosion. Since the apparatus was no t  o f  ""Ui tube design 
the cel  l was being c h i l l e d  w i t h  LN2 t o  t rans fe r  the oxygen d i f l u o r i d e .  I t  
was an t i c ipa ted  t h a t  the c e l l  would be warmed w i t h  dry i c e  p r i o r  t o  breaking 
the rubber sample; however, an explosion occurred when only a small 
amount o f  t h e  OF2 had t ransferred.  Since shat tered,  unburned rubber 
was recovered, i t  i s  believed tha t  the Kel-F cracked and ignited without 
igniting the t e s t  sample. No charred samples of Kel-F were found. 
As a resul t  of th i s  t e s t ,  a reformulation study was conducted re- 
sult ing in preparation of a similar compound (202-1 ) in which the s i l i c a  
was replaced by alumina. This compound was recovered almost quantitatively 
from a subsequent elongation to  break t e s t  in OF2. 
Point of attachment 
LN2 chilled arm 
, t o  power actuator 
Stainless steel t e s t  
cel l  chilled with 
dry ice. 
Point of attachment 
t o  t e s t  bay f loor  
F i g u r e  B - 7 .  Apparatus i c e d  t o  Rupture Rubber Sample 
60-3 Leading t o  an Explosion. 
Some of the  Damage t o  t h e  Stainless Steel 
i s  Evident. 
APPENDIX C, 
A DETONATION OF OF2 I N  THE PRESENCE OF POLYBUTADIENE 
Storage t e s t s  described in th i s  Report are conducted i n  s ta in less  s tee l  
cylinders which are  immersed in appropriate cryogenic slush baths. In the 
case of OF2 storages, the bath i s  composed of dry ice and trichloroethylene. 
During long storage periods the dry ice sublimes and mus t  be replaced. The 
rep1 acement frequency i s  typical ly  every three days. 
The slush bath is exposed t o  outdoor atmosphere and often freezes 
moisture from the a i r ,  forming a plug of ice near the top of the Dewar f lask 
which contains the bath. During a storage period i n  which Compound 202-1 
was being tested with OF2,  an ice plug apparently formed; the Dewar appeared 
to  be f u l l  of dry ice  when i t  was actually only par t ia l ly  f u l l .  
Two days a f t e r  adding the short  supply of dry ice,  the storage apparatus 
was destroyed by an explosion. The mechanism of in i t i a t ion  was not deter- 
mined, but i t  i s  believed tha t  the storage ce l l s  reached ambient a i r  
temperature (about 20-25°C). Compound 202-1 i s  reported in Section 2.2.1 
of th i s  report  to  be compatible with OF2 ( s t a t i c  t e s t )  a t  0°C. 
APPENDIX D 
EFFECT OF STATE-OF-CURE ON POLYBUTADIENE/OF2 COMPATIBILITY 
A se t  o f  specimens prepared from Compound 202-1 f o r  storage wi th  OF2 
were prepared from uncured stock which had been stored in a refr igerator  
for  approximately two months. When OF2 a t  -78.5"C was added to  the cured 
specimens, a f i r e  resulted which was believed t o  be caused by undercured 
polybutadiene. 
Green and Levine (Reference D-1) previously reported than an under- 
cured polybutadiene had detonated i n  the presence of OFp Therefore, a 
short study was conducted to  determine the s t a t e  of cure of the specimen 
which caught f i r e .  Results of the study are  described in Table D-1. 
Compound 202-1A was the material placed in OF2. I t s  formulation re- 
quires 2.5 phr of di-t-butyl - peroxide i n  order to  obtain an optimum cure 
in 30 minutes a t  300°F. From the benzene swelling data, i t  appears as 
though th i s  compound had significantly less  than the required amount of 
curative. A drawback to  the use of di-t-butyl - peroxide as the curative 
i s  i t s  re lat ively high vo la t i l i t y  (b.p. = 111°C a t  one atmosphere 
pressure) combined with i t s  thermodynamic incompati bi 1 i ty with the base 
polymer and i t s  low viscosity (1 iquid a t  the refrigerator temperature). 
These factors contribute to  peroxide migration and evaporation from the 
compound. 
A secondary resul t  of th i s  experiment i s  that  the peroxide concen- 
t ra t ion and cure conditions were firmly established to be 2.5 p h r  peroxide 
cured 30 minutes a t  300°F to  provide a t igh t  cure (as indicated by low 
swelling in benzene) with a strong, tough composite. 
Reference D-I: Green, J, and N, B. bevine, ""Elastomeric and Compliant 
Materials For L iqu id  Rocket Fuel and Oxidizer Appl i e a t i s n "  ', 
Report No. Mb-TBR-64-109, A i r  Force Materials Laboratory, 
March 1964, page 5 .  
TABLE 0-1. SMELLING OF POLYBUTADIENE/AI2O3 COMPOUNDS IN  BENZENE^) 
C I S 4  Polybutadiene, Phillips Petroleum 
ALON Fumed Alumina, Cabot Gorp. 
d i - t - b u t y l  - peroxide, Wallace & Tiernan 
Cure Time/Temperature; Min./OF 
Remarks 
a) Specimens were stored in excess room temperature benzene for 96 hours. All specimens were approximately 
one ~ n c h  square by 0.020 inch thick prior to immersion. Values were obtained in duplicate. 
b )  Concentration not known. Determination of this value was the reason for the experiment. 
APPENDIX E 
ENGINEERING REQUIREMENTS FOR BLADDER WTEWIALS 
A t  the  onset of Contract  NAS7-702, it was determined through d iscussion 
w i t h  systems engineering personnel a t  JPL t h a t  a p r o p e l l a n t  vapor pressure o f  
400-500 ps ia  would be the  probable upper l i m i t  f o r  0F2/B2H6 propuls ion systems. 
Revision o f  t h i s  a l lowab le  pressure range was made p r i o r  t o  t h e  s t a r t  of 
e f f o r t s  on t h e  present Contract  (NAS7-770). The rev i sed  a1 lowabl e p r o p e l l a n t  
vapor pressure range was 100-300 ps ia  . 
Figures E-1 and E-2 a r e  p l o t s  o f  p r o p e l l a n t  vapor pressure as a f u n c t i o n  
of temperature f o r  OF2 and BpH6, respec t i ve l y .  The lowest  temperature a t  
which each candidate elastomer compound remains f lex ib le ,and t h e  corresponding 
p rope l l an t  pressure a t  t h a t  temperature, i s  as fo l l ows :  
Compound 202-1 f o r  OF2- 
-95OC (-13g°F), OF2 vapor pressure = 225 ps ia  
Compound 215-3 f o r  B2Q 
-40°C (-40°F), B2H6 vapor pressure = 135 ps ia  
It i s  apparent t h a t  t h e  two mate r ia l s  meet t h e  300 ps ia  1 i m i t  imposed 
by system requirements. 
Temperature, O C  
Figure E - 9 .  Oxygen Diflusride Vapor Pressure 5 Temperature 
Temperature, " G  
Figure &-2, Biborane Vapor Pressure Temperature 
4 4 
NAS7-770: STUDY OF ADVANCED BLADDER TECHNOLOGY, 0F2/DIBORANE 
SUMMARY OF CONTRACT - 2 SEPTEMBER 1969 to  7 JULY 9970 
OBJECTIVE: TO INVESTIGATE ELASTOMERIC MATERIALS FOR OFp AND BpHs 
EXPULSION BLADDERS 
TASK I - - c i s  1,Cpolybutadiene was compounded for  optimum mechanical 
properties for  OF2 service. 
Acrylonitrile/butadiene was compounded for  optimum mechanical 
properties for  B H service. 2 6 
Short-term, s t a t i c  compati b i  1 i ty t e s t s  were performed in 
propellants a t  low temperatures, monitored by weight change 
and property retent i  on measurements. 
TASK I1 - Dynamic tes t s :  candidate elastomers were strained t o  breaking 
in propellant. 
Lowest temperature was determined a t  which candidate compounds 
are  elastomeri c. 
Highest temperature was determined a t  which re1 axed e l  as tomers 
and respective propellants apparently do not react. 
Smal 1-scale diaphragm expulsion t e s t s  were performed success- 
ful ly .  
TASK I11 - Long-term relaxed and stressed specimens were tested fo r  
compati bi 1 i ty a t  low temperature, monitored by weight change 
and property retention measurements. 
Long-term permeability was measured a t  several temperatures. 
PRW DOCUMENT NO, 9 4231 -601 7-R6-00 
NAS 7-770 : STUDY OF ADVANCED BLADDER TECHNOLOGY, 0F2/DIBORANE 
SUMMARY OF CONTRACT - 2 SEPTEMBER 9969 t o  1 JULY 1970 
OBJECTIVE: TO INVESTIGATE ELASTOMERIC MATERIALS FOR OF2 AND B2H6 
EXPULSION BLADDERS 
TASK I - c i s  1,4-polybutadiene was compounded f o r  optimum mechanical 
p r o p e r t i e s  f o r  OF2 se rv i ce .  
Ac ry lon i  tri le lbu tad iene  was compounded f o r  optimum mechanical  
p r o p e r t i e s  f o r  B2H6 serv ice .  
Short- term, s t a t i  c compati b i  1 i ty  t e s t s  were performed i n  
p rope l  1 ants a t  low temperatures, monitored by weight  
change and proper ty  r e t e n t i o n  measurements. 
TASK I 1  - Dynamic t e s t s :  candidate elastomers were s t r a i n e d  t o  b r e a k i n g  
i n  p r o p e l l a n t .  
Lowest temperature was determined a t  which candidate compounds 
a re  e l  astomeri c. 
H ighest  temperature was determined a t  which re laxed e las tomers  
and respec t i ve  prope l  1 ants apparent ly  do n o t  reac t .  
Small -sca le  d i  aphragm expu ls ion  t e s t s  were performed success- 
f u l l y .  
TASK III - Long-term re laxed and s t ressed specimens were t e s t e d  f o r  
compati b i  l i t y  a t  low temperature, monitored by we igh t  change 
and p rope r t y  r e t e n t i o n  measurements. 
Long-term permeabi 1 i t y  was measured a t  several  temperatures. 
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